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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recommended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 
Copies  of  these  guidelines  may  be  obtained  from  the  Department  of 
the  Army,  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314. 

The  purpose  of  a  Phase  I  investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  visual 
observations  and  review  of  available  data.  Detailed  investigations 
and  analyses  involving  topographic  mapping,  subsurface  investigations, 
material  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a  Phase  I  investigation;  however,  the  inspection  is 
intended  to  identify  any  need  for  such  studies  which  should  be 
performed  by  the  owner. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at 
the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  of  the  dam, 
removes  the  normal  load  on  the  structure  and  may  obscure  certain 
conditions  which  might  otherwise  be  detectable  if  inspected  under 
the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  the  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  factors  which 
are  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through 
frequent  inspections  can  unsafe  conditions  be  detected  and  only 
through  continued  care  and  maintenance  can  these  conditions  be 
prevented  or  corrected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  spillway  design  flood  is  based  on  the  estimated  "Probable 
Maximum  Flood"  for  the  region  (greatest  reasonably  possible  storm 
runoff),  or  fractions  thereof.  The  spillway  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aid  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic 
studies,  considering  the  size  of  the  dam,  its  general  condition  and 
the  downstream  damage  potential. 

The  assessment  of  the  conditions  and  recommendations  was  made  by 
the  consulting  engineer  in  accordance  with  generally  and  currently 
accepted  engineering  principles  and  practices. 
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NAME  OF  DAM:  Bear  Rock  No.  1  Dam 
STATE  LOCATED:  Pennsylvania  ,  - 

COUNTY  LOCATED:  Cambria  / 

STREAM:  Bear  Rock  Run 


!J: ,  »  (■■■  ■ 


SIZE  CLASSIFICATION:  Small 
HAZARD  CLASSIFICATION:  High 
OWNER:  Highland  Sewer  and  Water  Authority 
DATE  OF  INSPECTION:  November  13  and  December 


ASSESSMENT:  Based  on  the  evaluation  of  the  existing  conditions,  the 
condition  of  Bear  Rock  No.  1  Dam  is  considered  to  be  unsafe/nonemer¬ 
gency  due  to  the  seriously  inadequate  spillway  capacity.  .  Ihe 
condition  of  the  embankment  is  considered  to  be  fair. 


The  crest  and  downstream  face  of  the  dam  were  found  to  be  covered 
with  brush  and  trees  which  require  clearing.  A  swampy  area  and  a 
seepage  point  were  located  at  the  toe  level  of  the  dam  near  the  left 
abutment.  An  irregularity  on  the  downstream  face  of  the  dam  near 
the  left  abutment  was  found,  but  no  signs  of  recent  movement  or 
distress  appeared  to  be  associated  with  this  irregularity.  It  is 
recommended  that  seepage  be  monitored  to  determine  if  flows  are 
increasing  and  the  irregular  slope  area  be  periodically  observed  to 
determine  if  distress  is  developing. 

The  operational  condition  of  the  blow-off  valve  was  not  observed. 

It  is  therefore  recommended  that  the  operational  condition  of  the 
blow-off  valve  be  immediately  assessed  and  necessary  maintenance 
performed,  if  required. 

The  spillway  capacity  was  evaluated  according  to  the  recommended 
procedure  and  was  found  to  pass  30  percent  of  the  probable  maximum 
flood  (PMF)  without  overtopping  the  embankment.  This  capacity  is 
less  than  the  recommended  spillway  capacity  range  of  half  to  full  PMF. 
Relative  to  the  size  and  hazard  classification,  a  spillway  capacity 
closer  to  the  lower  limit  of  the  recommended  range  is  considered 
applicable  to  the  dam.  However,  because  the  spillway  capacity  is 
less  than  30  percent  of  the  PMF  and  it  was  found  that  failure  of  the 
dam  due  to  overtopping  would  significantly  increase  the  downstream 
hazard  of  loss  of  life  compared  to  that  which  would  exist  just 
before  failure,  the  spillway  is  considered  to  be  seriously  inadequate. 

The  following  recommendations  should  be  implemented  immediately  or 
on  a  continuing  basis: 
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1.  The  owner  should  immediately  retain  a 
professional  engineer  to  conduct  additional 
studies  to  more  accurately  ascertain  the 
spillway  capacity  and  the  nature  and  extent 
of  improvements  required  to  provide  adequate 
spillway  capacity. 

2.  The  irregularity  on  the  downstream  slope 
should  be  periodically  observed  to  determine 
if  distress  is  developing. 

3.  The  operational  condition  of  the  blow-off 
valve  should  be  evaluated  and  necessary 
maintenance  performed  if  required.  A  means 
for  providing  upstream  control  of  the  outlet 
pipes  should  be  developed. 

4.  Brush  and  trees  on  the  crest  and  downstream 
slope  of  the  dam  should  be  cleared. 

5.  Around-the-clock  surveillance  should  be 
provided  during  unusually  heavy  runoff  and  a 
formal  warning  system  developed  to  alert  the 
downstream  residents  in  the  event  of  emergen¬ 
cies.  It  is  also  recommended  that  the  owner 
take  necessary  measures  to  improve  the 
accessibility  of  the  site  during  high  flows. 
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6.  The  dam  and  appurtenant  structures  should  be 
inspected  regularly  and  necessary  maintenance 
should  be  performed. 


Lawrence  D.  Andersen,  P.E. 
Vice  President 

March  5,  1980 


Date 


Approved  by: 


^Oistrict  Engineer 
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PHASE  I  REPORT 

NATIONAL  DAM  INSPECTION  PROGRAM 
BEAR  ROCK  NO.  1  DAM 
NDI  I.D.  PA-439 
DER  I.D.  11-2 


SECTION  1 

PROJECT  INFORMATION 


1.1  General 


a.  Authority.  The  inspection  was  performed  pursuant  to  the 
authority  granted  by  The  National  Dam  Inspection  Act,  Public  Law 
92-367,  to  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  conduct  inspections  of  dams  throughout  the  United  States. 

b.  Purpose.  The  purpose  of  this  inspection  is  to  determine  if 
the  dam  constitutes  a  hazard  to  human  life  or  property. 

1.2  Description  of  Project 

a.  Dam  and  Appurtenances.  Bear  Rock  No.  1  Dam  consists  of  an 
earth  embankment  approximately  560  feet  long  with  a  maximum  height 
of  about  26  feet  from  the  downstream  toe  and  a  crest  width  of  about 
8  feet.  The  upstream  and  downstream  faces  and  crest  of  the  dam  are 
covered  with  riprap.  The  flood  discharge  facilities  of  the  dam 
consist  of  a  ^concrete  overflow  spillway  located  on  the  left  abutment 
(looking  downstream).  The  overflow  spillway  is  a 'k tone  masonry 
structure  with  a  flow  width  of  58  feet.  The  discharge  from  the 
spillway  flows  into  an  unprotected  discharge  channel  which  follows 
the  left  side  of  the  valley.  A  dike  is  provided  along  the  right 
side  of  the  spillway  discharge  channel  to  prevent  flows  towards  the 
toe  of  the  dam.  The  outlet  facilities  consist  of  a  16-inch  cast-iron 
blow-off  pipe  and  10-  and  12-inch  cast-iron  supply  pipes.  Flows 
through  the  16-  and  12-inch  pipes  are  controlled  by  valves  located 

on  the  downstream  side  of  the  dam.  Drawings  show  an  upstream  valve 
on  the  10-inch  supply  line.  The  16-inch  blow-off  pipe  constitutes 
the  emergency  drawdown  facility  for  the  reservoir. 

b.  Location.  The  don  is  located  on  Bear  Rock  Run,  a  tributary 
of  Little  Conemaugh  River,  about  two  miles  east  of  Lilly  in  Washington 
Township,  Cambria  County,  Pennsylvania.  Plate  1  illustrates  the 
location  of  the  dam. 

c.  Size  Classification.  Small  (based  on  26-foot  height  and  51 
acre-feet  maximum  storage  capacity). 
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d.  Hazard  Classification.  The  dam  is  classified  to  be  in  the 
high  hazard  category.  Bear  Rock  Run  flows  through  the  town  of  Lilly 
approximately  2-1/2  miles  downstream  from  the  dam.  It  is  estimated 
that  failure  of  the  dam  would  cause  large  loss  of  life  and  property 
damage  in  the  town  of  Lilly. 

e.  Ownership.  Highland  Sewer  and  Water  Authority  (address: 

Mr.  Charles  MacDonald,  Manager,  400  Luray  Avenue,  Johnstown, 
Pennsylvania  15904). 

f.  Purpose  of  Dam.  Water  supply. 

g.  Design  and  Construction  History.  The  dam  was  designed  and 
constructed  by  the  Pennsylvania  Railroad  Company  in  1904. 

h.  Normal  Operating  Procedure.  The  reservoir  is  normally 
maintained  at  Elevation  2344,  the  level  of  uncontrolled  spillway. 
When  the  lake  is  at  or  above  the  spillway  level,  inflow  is  dis¬ 
charged  through  the  uncontrolled  spillway. 

1.3  Pertinent  Data 


a.  Drainage  Area  1.97  square  miles 

b.  Discharge  at  Dam  Site  (cfs) 

Maximum  known  flood  at  dam  site  Unknown 

Outlet  conduit  at  maximum  pool  20 

Gated  spillway  capacity  at  maximum  pool  Not  applicable 
Ungated  spillway  capacity  at  maximum  pool  1438 
Total  spillway  capacity  at  maximum  pool  1438 

c.  Elevation  (USGS  Datum)  (feet) 


Top  of  dam 


Maximum  pool 
Normal  pool 

Upstream  invert  outlet  works 
Downstream  invert  outlet  works 
Maximum  tailwater 
Toe  of  Dam 


2347.6  (measured 
low  spot) 

2348  (as  designed) 

2347.6 

2344 

2319^ 

2315+ 

Unknown 

2322+ 


d.  Reservoir  Length  (feet) 

Normal  pool  level 
Maximum  pool  level 


500 

550  (estimated) 
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Normal  pool  level 
Maximum  pool  level 


30 

51 


f ,  Reservoir  Surface  (acres) 

Normal  pool  level 
Maximum  pool  level 

g.  Dam 

Type 
Length 
Height 
Top  width 
Side  slopes 


Zoning 

Impervious  core 
Cutoff 

Grout  curtain 

h.  Regulating  Outlet 

Type 

Length 

Closure 

Access 

Regulating  facilities 
i.  Spillway 
Type 
Length 

Crest  elevation 
Upstream  channel 
Downstream  channel 


4.6 

5+ 


Earth 

560  feet 

26  feet 

8  feet 

Downstream: 

l-3/4H:lV;(1) 

Upstream: 

2H: 1V(2) 

No 

Yes 

Yes 

Wn 


16-inch  cast- 

iron  pipe 

150_+  feet 

Gate  valves 

Downstream  valve 

chamber 

Gate  valve 


Rectangular  con¬ 
crete  channel 
58  feet 
2344 
Lake 

Earth  channel 


O^Aa  surveyed . 
(2)as  designed. 
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SECTION  2 
DESIGN  DATA 


2.1  Design 

a.  Data  Available.  The  available  information  was  provided 
by  the  Commonwealth  of  Pennsylvania,  Department  of  Environmental 
Resources  (PennDER).  The  information  includes  correspondence,  state 
inspection  reports,  and  design  drawings. 

(1)  Hydrology  and  Hydraulics.  No  design  information  is 
available.  A  state  report  entitled,  Report  Upon  the  Application  of 
the  Summit  Water  Supply  Company,  dated  May  10,  1937,  gives  the 
design  capacity  of  the  spillway  as  modified  in  1937. 

(2)  Embankment .  Available  information  consists  of  limited 
design  drawings. 

(3)  Appurtenant  Structures.  The  available  information  consists 
of  limited  design  drawings. 

b.  Design  Features 

(1)  Embankment .  Limited  information  is  available  on  the 
design  of  the  dam.  One  of  the  available  design  drawings  (Plate  2) 
shows  the  plan  view  of  the  dam  and  the  reservoir.  According  to  a 
state  report  entitled.  Report  Upon  the  Bear  Rock  No.  1  Dam  of  the 
Sumnit  Water  Supply  Company,  the  embankment  consists  of  compacted 
clay  beneath  the  upstream  and  downstream  slopes  and  a  central  puddle 
clay  core  wall.  It  was  reported  that  the  puddle  clay  core  was 
extended  to  a  depth  of  20  to  40  feet  below  the  original  ground 
surface  through  a  cutoff  trench.  The  puddle  clay  core  wall  was  also 
extended  into  the  sides  of  the  valley.  The  dimensions  of  the  puddle 
clay  core  wall  were  reported  to  be  12  feet  at  the  crest  level  of  the 
dam,  increasing  to  a  width  of  16  feet  at  the  original  ground  surface, 
and  reducing  to  a  14-foot  width  at  the  bottom  of  the  cutoff  trench. 
The  report  indicates  that  no  record  of  any  subsurface  investigation 
was  available  for  the  dam.  Subsurface  conditions  were  described  as 
horizontal  formations  of  shale  and  limestone. 

As  designed,  the  embankment  slopes  were  2  horizontal  to  1  vertical 
on  both  the  upstream  and  downstream  faces.  The  design  provided  an 
18-inch-thick  layer  of  riprap  on  both  faces  and  the  crest  of  the  dam 
for  erosion  protection. 

(2)  Appurtenant  Structures.  The  appurtenant  structures  of  the 
dam  consist  of  an  uncontrolled  overflow  spillway  located  near  the 
left  abutment  and  outlet  works  at  the  center  of  the  dam.  The 
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details  of  the  existing  spillway  structures  are  illustrated  in  Plate 
3.  The  spillway  is  a  rectangular  open  channel  comprised  of  stone 
masonry  side  walls  and  an  8-inch  reinforced  concrete  slab  overlain 
by  6-inch  grouted  stone  pavement. 

The  outlet  facilities  as  described  in  a  1914  state  report  include  a 
16-inch  cast-iron  blow-off  pipe  and  10-  and  12-inch  supply  lines. 
Below  the  dam,  10-  and  12-inch  supply  lines  combine,  discharging 
into  a  single  12-inch  supply  line.  It  is  reported  that  flow  through 
these  pipes  is  controlled  by  valves  located  on  the  downstream  side 
of  the  dam.  However,  a  design  drawing  (Plate  2)  shows  an  upstream 
valve  on  the  10-inch  supply  line.  The  report  indicates  that  the 
pipes  enter  the  embankment,  passing  through  a  3-foot-thick  masonry 
wall.  It  is  also  reported  that  in  the  upstream  portion  of  the  dam, 
the  pipes  are  located  through  the  fill,  but  enter  a  cut  trench  at 
about  midpoint  of  the  embankment ,  and  then  emerge  from  the  toe  of 
the  dam  at  a  level  about  2-1/2  feet  below  the  original  ground 
surface.  It  is  noted  that  the  design  provided  no  cutoff  collars, 
other  than  the  masonry  wall  located  on  the  upstream  end  of  the  pipe, 
to  prevent  leakage  along  the  pipes. 

c.  Design  Data 

(1)  Hydrology  and  Hydraulics.  The  1937  state  report  indicates 
that  the  spillway  improvements  undertaken  at  that  time  were  based  on 
a  spillway  design  capacity  of  1460  cfs. 

(2)  Embankment .  Other  than  limited  design  drawings,  no 
engineering  data  are  available  on  the  design  of  the  embankment. 

(3)  Appurtenant  Structures.  No  design  calculations  are 
available  for  the  appurtenant  structures. 

2.2  Construction.  Very  limited  information  is  available  on  the 
construction  of  the  dam.  A  1914  state  report  indicates  that  the 
embankment  material  was  placed  in  thin  layers,  wetted,  and  rolled 
with  a  horse  roller. 

Other  than  the  enlargement  of  the  spillway  in  1937,  no  post¬ 
construction  changes  are  reported. 

2.3  Operation.  No  operating  records  have  been  kept  for  the  dam. 

2.4  Other  Investigations.  None  reported. 


2.5  Evaluation 


a.  Availability.  The  available  information  was  provided  by 
the  Commonwealth  of  Pennsylvania,  Department  of  Environmental 
Resources. 

b.  Adequacy 

(1)  Hydrology  and  Hydraulics.  The  available  information  con¬ 
sists  of  the  design  discharge  capacity  of  the  spillway.  This 
information  is  not  considered  to  be  adequate  to  assess  the  adequacy 
of  the  spillway  capacity. 

(2)  Embankment .  The  dam  was  apparently  constructed  according 
to  the  design  drawings.  In  view  of  the  age  of  the  dam,  completed  in 
1904,  the  design  approach  and  construction  techniques  are  not  likely 
to  be  in  conformance  with  currently  accepted  engineering  practices. 
The  design  lacks  such  considerations  as  embankment  slope  stability, 
seepage  analyses,  and  other  quantitative  data  to  aid  in  the  assess¬ 
ment  of  the  adequacy  of  the  design.  However,  the  design  includes 
such  components  as  embankment  zoning,  a  cutoff  wall  extending  to 
impervious  foundation  material,  and  slope  protection. 

(3)  Appurtenant  Structures.  Review  of  the  spillway  design 
drawings  indicates  that  no  significant  design  deficiencies  exist 
that  would  affect  the  overall  performance  of  these  structures. 

The  available  information  indicates  that  the  design  of  the  outlet 
works  incorporated  no  special  provisions,  such  as  cutoff  collars, 
to  control  seepage  along  these  pipes,  which  raises  some  concern 
relative  to  the  adequacy  of  the  design  to  prevent  seepage  along 
these  pipes.  However,  no  seepage  has  been  reported  along  these 
pipes  in  the  past  and  none  was  observed  at  this  time,  indicating 
that  backfilling  around  the  pipes  was  adequate  to  prevent  seepage 
along  these  pipes. 
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SECTION  3 
VISUAL  INSPECTION 


3.1  Findings 

a.  General .  The  on-site  inspection  of  Bear  Rock  No.  1  Dam 
consisted  of: 

1.  Visual  inspection  of  the  embankment,  abutments, 
and  embankment  toe. 

2.  Visual  examination  of  the  spillway  structures. 

3.  Evaluation  of  downstream  area  hazard  potential. 

The  specific  observations  are  illustrated  in  Plate  4. 

b.  Embankment .  The  general  inspection  of  the  embankment 
consisted  of  searching  for  indications  of  structural  distress,  such 
as  cracks,  subsidence,  bulging,  wet  areas,  seeps  and  boils,  and 
observing  general  maintenance  conditions,  vegetative  cover,  erosion, 
and  other  surficial  features. 

The  two  most  significant  conditions  noted  at  the  dam  site  were  the 
presence  of  a  swampy  area  and  a  seepage  point  located  at  the  toe 
level  of  the  dam  near  the  left  abutment  and  an  irregularity  on  the 
downstream  slope  of  the  dam,  again  located  near  the  left  abutment. 
The  seepage  was  found  to  contain  acid  mine  precipitate  and  the 
discharge  was  estimated  to  be  on  the  order  of  10  to  20  gallons  per 
minute.  The  irregularity  on  the  downstream  slope  of  the  dam,  which 
appears  to  be  an  old  bulge,  was  examined,  but  no  apparent  signs  of 
distress,  such  as  surface  cracks,  or  indications  of  movement  were 
noted.  A  small  depression  about  2  to  3  feet  in  diameter  was  found 
along  the  toe  of  the  dam  approximately  200  feet  from  the  right 
abutment.  The  appearance  and  the  size  of  the  depression  suggest 
that  it  was  caused  by  surficial  movements  of  the  riprap  veneer 
rather  than  due  to  deep-seated  conditions.  The  crest  and  downstream 
area  of  the  dam  were  found  to  be  in  good  condition,  but  covered  with 
brush  and  trees  up  to  8  feet  high. 

The  top  of  the  dam  was  surveyed  relative  to  the  emergency  spillway 
crest  and  was  found  to  be  at  or  slightly  above  the  design  crest 
elevation.  Only  a  small  section  adjacent  to  the  spillway  wall  was 
found  to  be  about  4  inches  below  the  design  level.  The  crest 
profile  of  the  dam  is  illustrated  in  Plate  5.  Several  measurements 
taken  along  the  downstream  slope  indicated  the  slope  to  be  1-3/4 
horizontal  to  1  vertical,  which  is  steeper  than  the  design  value  of 
2  horizontal  to  1  vertical. 
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c.  Appurtenant  Structures.  The  spillway  structures  were 
examined  for  deterioration  or  other  signs  of  distress  and  obstruc¬ 
tions  that  would  limit  flow.  The  spillway  structures  were  found  to 
be  in  good  condition.  For  the  outlet  structures,  the  only  visible 
portion  was  the  downstream  end  of  the  blow-off  pipe  and  the  stem  of 
the  blow-off  valve.  The  operational  condition  of  the  blow-off  valve 
was  not  observed. 

d.  Reservoir  Area.  A  map  review  indicates  that  the  watershed 
is  predominantly  covered  by  woodlands.  A  review  of  the  regional 
geology  (Appendix  F)  indicates  that  the  shorelines  of  the  reservoir 
are  not  likely  to  be  susceptible  to  massive  landslides,  which  would 
affect  the  storage  volume  of  the  reservoir. 

e.  Downstream  Channel.  Downstream  from  the  dam,  Bear  Rock  Run 
flows  through  an  uninhabited  valley  for  about  two  miles  where  it 
enters  residential  areas  of  the  town  of  Lilly.  It  is  estimated  that 
in  excess  of  20  houses  are  located  within  the  potential  flood  plain 
of  Bear  Rock  Run  in  the  event  of  a  dam  failure.  Further  description 
of  the  downstream  conditions  is  included  in  Section  1.2d. 

3.2  Evaluation.  The  condition  of  the  embankment  and  spillway 
structures  is  considered  to  be  fair.  The  condition  of  the  outlet 
facilities  could  not  be  assessed.  The  observed  conditions  are  not 
considered  to  be  a  threat  to  the  overall  integrity  of  the  embankment. 
However,  it  is  recommended  that  seepage  quantities  be  monitored  and 
the  irregularity  on  the  downstream  face  of  the  dam  be  periodically 
observed.  Brush  and  trees  on  the  crest  and  downstream  slope  of  the 
dam  should  be  cleared. 


SECTION  4 

OPERATIONAL  FEATURES 


4.1  Procedure.  There  are  no  formal  operating  procedures  for  the 
dam.  The  reservoir  is  normally  maintained  at  the  uncontrolled 
spillway  crest  level  with  excess  inflow  discharging  over  the  spillway. 

4.2  Maintenance  of  the  Dam.  The  maintenance  of  the  dam  is  con¬ 
sidered  to  be  poor. 

4.3  Maintenance  of  Operating  Facilities.  The  only  visible  portions 
of  the  outlet  facilities  were  the  downstream  end  of  the  16-inch 
caat-iron  blow-off  pipe  and  a  portion  of  the  blow-off  valve  stem 
protruding  above  the  ground  surface.  The  operational  condition  of 
the  blow-off  valve  was  not  observed. 

4.4  Warning  System.  No  formal  warning  system  exists  for  the  dam. 

The  dam  is  accessible  via  a  two-mile  jeep  trail  which  is  in  poor 
condition.  Bear  Rock  Run  crosses  the  jeep  trail  at  two  locations. 

It  is  estimated  that  during  severe  weather  conditions,  the  trail 
will  not  be  passable.  Telephone  communication  facilities  are 
available  via  residences  located  about  one  mile  downstream  from  the 
dam. 

4.5  Evaluation.  The  overall  maintenance  of  the  dam  is  considered 
to  be  poor.  It  is  recommended  that  the  brush  and  trees  on  the 
downstream  face  of  the  dam  be  cleared  and  that  the  operational 
condition  of  the  blow-off  valve  be  evaluated.  It  is  also  recom¬ 
mended  that  the  owner  take  necessary  measures  to  improve  the 
accessibility  of  the  dam  site. 


SECTION  5 

HYDRAULICS  AND  HYDROLOGY 


5 . 1  Evaluation  of  Features 


a.  Design  Data.  Bear  Rock  No.  1  Dam  has  a  watershed  area  of 
two  square  miles  and  impounds  a  reservoir  with  a  surface  area 

of  4.7  acres  at  normal  pool  level.  The  flood  discharge  facilities 
for  the  dam  consist  of  a  58-foot-wide  rectangular  channel  located  on 
the  left  abutment.  The  capacity  of  the  spillway  was  determined  to 
be  1438  cfs. 

b.  Experience  Data.  As  previously  stated,  Bear  Rock  No.  1 
Dam  is  classified  to  be  a  small  dam  in  the  high  hazard  category. 
Under  the  recommended  criteria  for  evaluating  emergency  spillway 
discharge  capacity,  such  impoundments  are  required  to  pass  half  to 
full  PMF.  Based  on  the  size  and  hazard  classification  of  the  dam,  a 
capacity  of  the  spillway  closer  to  the  lower  limit  of  the  recom¬ 
mended  range  is  considered  to  be  applicable  to  this  dam. 

The  PMF  inflow  hydrograph  for  the  reservoir  was  determined  utilizing 
the  Dam  Safety  Version  of  the  HEC-1  computer  program  developed  by 
the  Hydrologic  Engineering  Center  of  the  U.S.  Army,  Corps  of  Engi¬ 
neers.  Data  used  for  the  computer  analysis  are  presented  in 
Appendix  D.  The  PMF  inflow  hydrograph  for  this  dam  was  determined 
by  initially  routing  the  PMF  through  the  upstream  Bear  Rock  No.  2 
Dam.  The  PMF  hydrographs  were  found  to  have  peak  flows  of  4001  cfs 
and  1995  cfs  for  full  and  50  percent  of  the  PMF,  respectively.  The 
computer  input  and  a  summary  of  computer  output  are  also  included  in 
Appendix  D. 


c.  Visual  Observations.  On  the  date  of  inspection,  no  condi¬ 
tions  were  observed  that  would  indicate  that  the  capacity  of  the 
spillway  would  be  significantly  reduced  in  the  event  of  a  flood. 

d.  Overtopping  Potential.  Various  percentages  of  the  PMF 
inflow  hydrograph  were  routed  through  the  reservoir  and  it  was  found 
that  the  spillway  can  pass  30  percent  of  the  PMF  without  overtopping 
the  low  spot  on  the  embankment.  For  50  percent  PMF,  the  low 

spot  on  the  crest  would  be  overtopped  for  a  duration  of  3.3  hours 
with  a  maximum  depth  of  0.46  foot.  For  100  percent  PMF,  the 
overtopping  duration  would  be  7.3  hours  with  a  maximum  depth  of 
overtopping  of  1.2  feet. 

e.  Spillway  Adequacy.  Since  the  spillway  cannot  pass  the 
recommended  spillway  design  flood  without  overtopping  the  embankment, 
the  spillway  is  classified  to  be  inadequate  according  to  the  recom¬ 
mended  criteria.  A  breach  analysis  was  conducted  to  determine  if 


the  spillway  is  seriously  inadequate;  that  is,  if  dam  failure 
resulting  from  overtopping  would  significantly  increase  the  poten¬ 
tial  for  loss  of  life  and  property  damage  from  that  which  would 
exist  just  before  overtopping  failure.  The  results  of  the  dam  break 
analysis  and  the  valley  cross  sections  used  for  flood  routing  are 
included  in  Appendix  D. 

Review  of  the  flood  stages  in  the  potential  damage  area  before  and 
after  failure  indicates  that  flood  stages  would  be  raised  by  about 
one  foot  due  to  a  dam  failure,  which  is  considered  to  be  a  significant 
increase  in  damage  potential.  Therefore,  the  spillway  is  classified 
to  be  seriously  inadequate. 
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SECTION  6 

STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 


(1)  Embankment .  As  discussed  in  Section  3,  the  field  observa¬ 
tions  did  not  reveal  any  signs  of  distress  that  would  significantly 
affect  the  performance  of  the  embankment. 

(2)  Appurtenant  Structures.  The  structural  performance  of  the 
spillway  structures  is  considered  to  be  satisfactory.  Because  no 
portion  of  the  outlet  works  except  the  downstream  end  of  the  blow- 
off  pipe  was  visible,  no  conclusions  were  reached  as  to  the  struc¬ 
tural  adequacy  of  the  outlet  facilities.  Flow  through  the  outlet 
pipes  is  controlled  by  valves  located  on  the  downstream  side,  which 
cause  the  pipes  always  to  be  under  pressure  through  the  embankment. 

In  view  of  this  condition  and  since  no  design  information  is  availa¬ 
ble  to  assess  the  structural  adequacy  of  the  outlet  facilities,  it 
is  considered  advisable  that  the  structural  adequacy  of  the  outlet 
pipe  should  be  evaluated  and  a  means  for  placing  an  upstream  control 
on  these  pipes  should  be  developed. 

b.  Design  and  Construction  Data 

(1)  Embankment .  The  dam  was  constructed  in  1904  when  limited 
understanding  of  geotechnical  behavior  of  earth  structures  existed. 
Consequently,  available  design  and  construction  information  does  not 
provide  any  quantitative  data  to  aid  in  the  assessment  of  stability. 
Since  the  embankment  design  lacks  a  positive  internal  drainage 
system,  some  concern  exists  as  to  the  location  of  the  phreatic 
surface  through  the  embankment  as  it  affects  the  stability  of  the 
embankment.  However,  at  this  time,  no  signs  were  observed  that 
would  indicate  the  phreatic  surface  is  intersecting  the  downstream 
slope  of  the  dam.  As  previously  noted,  the  dam  appears  to  have  been 
constructed  adequately  and  has  performed  satisfactorily  since  its 
construction.  Therefore,  the  static  stability  of  the  dam  is  con¬ 
sidered  to  be  adequate. 

(2)  Appurtenant  Structures.  Other  than  limited  design 
drawings,  no  design  and  construction  data  are  available  for  the 
appurtenant  structures. 

c.  Operating  Records.  The  structural  stability  of  the  dam  is 
not  considered  to  be  affected  by  the  operational  features  of  the  dam. 
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d.  Post-Construction  Changes.  The  only  reported  post-construc¬ 
tion  change  is  the  enlargement  of  the  spillway  from  29  feet  to  58 
feet  in  1937. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  1, 
and  based  on  visual  observations,  the  static  stability  of  the  dam 
appears  to  be  adequate.  Therefore,  based  on  the  recommended  criteria 
for  evaluation  of  seismic  stability  of  dams,  the  structure  is 
presumed  to  present  no  hazards  from  earthquakes. 


SECTION  7 

ASSESSMENT  AND  RECOMMENDATIONS /PROPOSED  REMEDIAL  MEASURES 


7.1  Dob  Assessment 


a.  Assessment .  The  visual  observations  indicate  that  the 
embankment  of  Bear  Rock  No.  1  Dam  is  in  fair  condition.  However,  in 
view  of  the  seriously  inadequate  spillway  capacity,  the  condition  of 
the  dam  is  assessed  to  be  unsafe/nonemergency. 

The  spillway  capacity  was  evaluated  according  to  the  recommended 
criteria  and  was  found  to  pass  30  percent  of  the  PMF  without  over¬ 
topping  the  embankment.  This  capacity  is  less  than  the  recommended 
spillway  capacity  according  to  the  size  and  hazard  classification 
for  the  dam.  Further,  because  the  spillway  capacity  is  less  than  50 
percent  of  the  PMF  and  it  was  found  that  failure  of  the  dam  would 
significantly  increase  the  downstream  damage  potential,  the  spillway 
is  classified  to  be  seriously  inadequate. 

b.  Adequacy  of  Information.  The  available  information,  in 
conjunction  with  the  visual  observations,  is  considered  to  be 
sufficient  to  make  the  following  recommendations. 

c.  Urgency.  The  following  recommendations  should  be  imple¬ 
mented  immediately  or  on  a  continuing  basis. 

d.  Necessity  for  Additional  Data.  In  view  of  the  seriously 
inadequate  spillway  capacity,  the  owner  should  immediately  initiate 
additional  studies  to  more  accurately  ascertain  the  spillway  capac¬ 
ity  and  the  extent  of  improvements  required  to  provide  adequate 
spillway  capacity. 

7.2  Recommendations/Remedial  Measures .  It  is  recommended  that: 

1.  The  owner  should  immediately  retain  a 
professional  engineer  to  conduct  additional 
studies  to  more  accurately  ascertain  the 
spillway  capacity  and  the  nature  and  extent 
of  improvements  required  to  provide  adequate 
spillway  capacity. 

2.  The  irregularity  on  the  downstream  slope 
should  be  periodically  observed  to  determine 
if  distress  is  developing. 
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3.  The  operational  condition  of  the  blow-off 
valve  should  be  evaluated  and  necessary 
maintenance  performed  if  required.  A  means 
for  providing  upstream  control  of  the  outlet 
pipes  should  be  developed. 

4.  Brush  and  trees  on  the  crest  and  downstream 
slope  of  the  dam  should  be  cleared. 

5.  Around-the-clock  surveillance  should  be 
provided  during  unusually  heavy  runoff  and  a 
formal  warning  system  developed  to  alert  the 
downstream  residents  in  the  event  of  emergen¬ 
cies.  It  is  also  recommended  that  the  owner 
take  necessary  measures  to  improve  the 
accessibility  of  the  site  during  high  flows. 

6.  The  dam  and  appurtenant  structures  should  be 
inspected  regularly  and  necessary  maintenance 
should  be  performed. 
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APPENDIX  A 

CHECKLIST 
VISUAL  INSPECTION 
PHASE  I 


CHECKLIST 
VISUAL  INSPECTION 


Page  Al  of 


RIPRAP  FAILURES  None 
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CATES  AW)  OPERATION  Not  applicable 

EQUIPMENT 
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APPENDIX  B 

CHECKLIST 
ENGINEERING  DATA 
DESIGN,  CONSTRUCTION,  OPERATION 
AND  HYDROLOGIC  AND  HYDRAULIC 
PHASE  I 


CHECKLIST 
ENGINEERING  DATA 
HYDROLOGIC  AND  HYDRAULIC 


DRAINAGE  AREA  CHARACTERISTICS;  2  square  miles _ 

ELEVATION,  TOP  OF  NORMAL  POOL  AND  STORAGE  CAPACITY:  2344  (30  acre-feet) 
ELEVATION,  TOP  OF  FLOOD  CONTROL  POOL  AND  STORAGE  CAPACITY : 2348  (951  acre-feet) 

ELEVATION,  MAXIMUM  DESIGN  POOL:  2348  (design  dam  crest  level) _ 

ELEVATION,  TOP  OF  DAM:  2348 _ 


SPILLWAY 

: 

a. 

Elevation  2344 

b. 

Type  Concrete  overflow 

c. 

Width  59  feet 

d. 

Length  Not  applicable 

e. 

Location  Spillover  Adjacent  to  spillway 

f. 

Number  and  Type  of  Gates  None 

OUTLET  WORKS: 

a. 

Type  16-inch  cast-iron  pipe 

b. 

Location  Center  of  embankment 

c. 

Entrance  Inverts  23191 

d. 

Exit  Inverts  2315+ 

e. 

Emergency  Drawdown  Facilities  16-inch  pipe 

HYDROMETEOROLOGICAL  GAGES: 

a. 

Type  None 

b. 

Location  None 

c. 

Records  None 

MAXIMUM  NONDAMAGING  DISCHARGE:  1460  cfs  (spillway  capacity) 


Page  B5  of  5 


I 


i 

l 

I 


I 


APPENDIX  C 
PHOTOGRAPHS 


LIST  OF  PHOTOGRAPHS 
BEAR  ROCK  NO.  1  DAM 
NDI  I.D.  PA-439 
NOVEMBER  13,  1979 


PHOTOGRAPH  NO. 
1 
2 

3 

4 

5 

6 


DESCRIPTION 
Crest  (looking  east). 

Spillway  crest. 

Spillway  discharge  channel. 
Blow-off  pipe  (16-inch  diameter). 
Blow-off  pipe  valve  stem. 

Bear  Rock  Run  at  Lilly  (Mile  2.5) 


Photograph  No.  ] 
Crest  (looking  east). 


Photograph  No.  4 

Blow-off  pipe  (lb-in<h  el  inmotor) . 


Photograph  No.  5 
Blow-off  pipe  valve  stem. 


Photograph  No.  f> 


Bear  Knek  Run  at  i.iile  (Mi  it 


APPENDIX  D 

HYDROLOGY  AND  HYDRAULICS  ANALYSES 


f. 


HYDRO LOCY  AND  HYDRAULIC  ANALYSIS 
DATA  BASE 


NAME  OF  DAN:  lw  Rock  No.  1  Dam  (NDI  I.D.  PA-4  39) 

PROBABLE  MAXIMUM  PRECIPITATION  (PMP)  -  23.7  INCHES/24  H0URSO) 


STATION 

1 

2 

3 

4 

5 

Station  Description 

Bear  Rock  No.  2 

Bear  Rock  No.  2 

Bear  Rock  No.  1 

Bear  Rock  No.  1 

Downstream 

Rtservoir 

Dam 

Reservoir 

Dam 

Routing (6) 

Drainage  Area  (square  riles) 

1.42 

* 

0.55 

- 

- 

Cumulative  Drainage  Area 
(square  ailes) 

1.42 

1.42 

1.97 

1.97 

- 

Adjustment  of  PMF  for 

Drainage  Area  (Z) ' 

Zone  7 

6  Hours 

102 

- 

102 

- 

- 

12  Hours 

120 

- 

120 

- 

- 

24  Hours 

130 

- 

130 

- 

- 

48  Hours 

140 

- 

140 

- 

- 

72  Hour. 

- 

- 

- 

- 

- 

Snyder  Hydrograph 

Parameters 

Zon.<3> 

24 

- 

24 

- 

- 

Cp/Cc(4> 

0.45/1.60 

_ 

0.45/1.60 

_ 

_ 

L 

2.3 

- 

1.4 

- 

- 

LCJ  (all..)**’ 

tp  -  Ct<l-lca)°-3  (hour.) 

0.9 

2.0 

0.8 

1.66 

- 

- 

Spillway  Data 

Croat  Length  (ft) 

- 

33.2 

- 

58.0 

- 

Fraaboard  (ft) 

- 

4.4 

- 

4.0 

- 

Discharge  Coefficient 

- 

2.8 

- 

3.1 

- 

Exponent 

- 

1.5 

_ 

1.5 

- 

* **Mydromtte  orologlcal  Report  33  (Figure  1),  U.S.  Amy,  Corps  of  Engineers,  1956. 

‘^Hyjrotttorolotlctl  Report  33  (Figure  2),  I’.S.  Amv,  Corps  of  Engineers,  1956. 

(  * Hydrological  aone  defined  bv  Corps  of  Engineers,  Baltimore  District,  for  determining  Snyder's 

Coefficients  (C  and  C.). 

(4)  ,  p  * 

Snvder  *  Coefficients. 

***L  •  Length  of  longest  water  course  from  outlet  to  baaln  divide. 

L  ■  Length  of  water  couiac  from  outlet  to  point  opposite  the  centroid  of  drainage  area. 

(6)  c 

See  Pages  DA  through  D18. 


STORAGE  VS.  ELEVATION 


ELEVATION 

AH,  FEET 

AREA 

(ACRES)'1' 

A VOLUME 
(ACRE-FEET)  u' 

STORAGE 

(ACRE-FEET) 

2360.0 

12.0 

10.1 

95.5 

146.4 

2348.0 

6.0**’ 

50.9 

4.0 

21.1 

2344.0 

4.6 

29.8 

22.0 

29. t*3’ 

Reservoir  Bottom 

- 

0 

^Plaainetercd  fron  USGS  naps. 

*J)AVolua«  •  AH/  3  (A.  ♦  A,  ♦  /O I). 

(J)  ‘  1  1  1 

'From  PennDEF  files. 


(4) 

Linearly  interpolated. 
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APPENDIX  F 
REGIONAL  GEOLOGY 


Bear  Rock  Nos.  1  and  2  dams  are  located  in  the  eastern  portion  of 
Cambria  County.  The  dams  are  located  in  the  Allegheny  Mountains 
section  of  the  Appalachian  Plateau  Physiographic  Province,  an  area 
characterized  by  parallel  ridge  and  valley  sequences  controlled  by 
the  relatively  gentle  folding  of  the  strata.  The  fold  axis  trends 
north-northeast  and  the  strata  dip  in  the  area  of  the  dams  approxi¬ 
mately  500  feet  per  mile  to  the  northwest.  Approximately  one  mile 
east  of  the  reservoirs  is  the  Allegheny  Front,  which  separates  the 
more  gentle  geologic  folding  to  the  west  from  the  tight  folding  and 
faulting  east  of  the  front.  In  general,  the  discontinuities  trend 
north-northeast  and  northwest. 

The  strata  underlying  the  dams  and  reservoir  consist  of  the  Upper 
Pottsville  Group  and  the  Allegheny  Group  (Pennsylvanian  Age).  The 
Pottsville  Group  consists  of  two  massive  sandstone  beds,  shales,  and 
one  thin  coal  seam  (the  Mercer  bed).  The  higher  portion  of  the 
Pottsville  Group  consists  of  the  Upper  Conoquenessing  Sandstone,  a 
thick-bedded  micaceous  sandstone  which  is  generally  resistant  to 
weathering.  The  thickness  ranges  from  15  to  25  feet.  Below  the 
sandstone  is  approximately  15  to  40  feet  of  thin-bedded  shale  with 
interbedded  sandstone.  These  strata  weather  easily.  Below  the 
shale  is  the  Lower  Conoquenessing  Sandstone,  which  is  approximately 
50  feet  thick  and  is  similar  to  the  upper  sandstone. 

The  strata  overlying  the  Pottsville  Group  are  the  Allegheny  Group, 
consisting  of  sandstone,  shale,  and  at  least  seven  coal  seams.  The 
group  is  approximately  250  feet  thick.  The  strata  from  the  base  up 
consist  of  the  Brookville  coal  seam,  the  Clarion  Sandstone,  the 
Clarion  coal,  and  a  thick  sandstone  below  the  Lower  Kittanning  coal 
bed,  which  is  approximately  75  feet  above  the  Brookville  coal  bed. 

The  middle  portion  of  the  Allegheny  Group  consists  of  the  Lower, 
Middle,  and  Upper  Kittanning  coal  seams,  and  the  Lower  and  Upper 
Worthington  sandstones.  One  limestone  bed  is  present  below  the 
Upper  Kittanning  coal  seam.  The  upper  portion  of  the  group  consists 
of  the  Lower  and  Upper  Freeport  coal  seams  and  the  Freeport  and 
Rutlen  sandstone  beds.  The  overlying  Conemaugh  Group  consist 
predominantly  of  shale  and  claystone  with  thin  sandstone,  limestone, 
and  coal  seams. 

There  is  no  minable  coal  beneath  the  dams  and  reservoirs.  The  strip 
mines  on  the  slopes  west  and  northeast  of  the  reservoirs  are  probably 
the  Lower  Kittanning  coal  beds.  The  slopes  above  the  reservoirs  are 
relatively  gentle,  in  general  greater  than  5  to  1,  and  probably 
consist  predominantly  of  sandstone.  Therefore,  there  should  be  no 
danger  of  large  slides. 
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Conemaugh  Formation 

Cyel \t  sequences  of  red  and  gray  shales 
and  si Itstnnes  with  thin  limestones  and 
coals,  mnniiy  Mahoning  Sandstone  com¬ 
monly  pr»*r»|  at  fcnar;  Amrt  Limestone 
present  in  middle  of  serf  mas.  Brush  Crttk 
Limestone  in  lowtr  part  of  Mrlion. 


IV.ttsville  Group 

Ll ohf  gray  to  while,  rmnih-  main,  d  sand 
rt  i>  nr  it  and  C‘  nglnn<ei  at,  s  tilth  mint  mine- 
nMf  nml.  i'urliido  Sharp  n  hit  a , 

Sehuylkilt.  a»d  Tumhh  no  Hun  fnrwa. 

hung. 
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Allegheny  Group 

(V/iC  sequences  of  w«rfnpi»r,  shale,  /i»t*- 
stone  amt  rant.  uuim  rous  comntririal 
ranis,  limestones  thick,  n  westward;  IVtn- 
port  t.im,  s'ai  r  in  i.mn  part  of  section 
includes  Freeport  Kittanumg.  and 
f’lanan  Furnmiu.»» 


Clinton  Group 

i'rednmi  aa  ntly  Rase  Hilt  Formation  ■ 
K‘'d dish  inn  fill  tn  t/rrc n  tsh  ority.  thin  in 
m>  d lu  m  bedded,  fossil  tie  mu*  shale  with 
litlrrlt'iipit  mg  "imti  samtstoms"  ami 
local  ora  u,  I, issih.fr  ions  (imrafnNf,  fifcnv* 
thr  H- Mr  HUi  ;*  hi  own  In  white  quart llttf 
sandstone  iKtcfcn  i utvrhedded  upward 
with  dark  gray  shale  I  Rochester! 


Marine  tied* 

ft  ray  to  ntivr  brown  shales,  grauwarkrs, 
and  sandstones.  mu  tains  "Chemung"  bt ,1s 
and  "Porlat/r  beds  including  ft a  rkrl , 
itralhci .  Harrell ,  a  ml  Trimmers  Hark. 
Tatty  i-tn-i  shnir  at  ban 


iVono  Group 

/’>«>!•••  •>.  i<:  ally  ,fi  1141,  ii'.iit.  tnassiri  ,rriis». 
bi  hhd  ■  nrqtnmi  lilt  ■  and  siindstnm  With 
■  hoi,  •  111  / »<«/«  i  .11  •*,,  Apimtiirhiao 

f’ltiran  fi;i-p  <hi  nungo,  ('nyahoga. 

f  >.  ««■  (>■'«  ■;«•  furry.  and  K"<ipp  fnMiiii- 
i»ir/»»ry**  ymri  ,.f  "tlswnyo"  of 
'f  /.  f-'ui'd-  • i  Vmtrr md  Ttona  ronnttrs. 


.•Hirst  grained, 
i  •  ••••ytomreatir, 
i.  tliir.  ■  it*  .ttmasi..,n  ‘  fi'tdi/i  It  i/l  at  the 
•'•ip.  dnil.  «/«««.  i  h'tlii  t,no  stnpr  with 
■  •■me  itiit  fin  dth  •'  ~h.it,  *  and  sandstone* 
h-'mi  iShnntt 


Oriakuny  Formation 

'■  . .  •  •,  /.. 

••nifty  ml.  a  <  •••;*.  ,..e,tli, 


Marrrlltia  Formation 

ftin'k,  it  iinfc.  nti  ,,•„•.  shah  u  iih 

thick,  blown  sand  stunt  ilutkty  Hi  dip  I  • 
partis  uf  ft  tit  I  III  />  ii  nsyt  •  tt  uni 

Onondaga  Formation 

first  a  ink  hue.  thin  hr  third  shah  and  dark 
blur  to  Wild,  medium  htddtd  linn  st. me 
u’llA  shah  pri  dominant  i»  m»af  plat  es. 
in  eludes  Srhnsgroi  e  Limestone  and  Herd- 
more  Shale  to  re  at  i  at  fen  usylra  n  m  and 
Hath  r milk  /•'alts  l.imesfunt  anti  F.sopus 
Shale  in  easternmost  /’»  tinsyhttitia,  in 
Iwhigh  Hap  ana  in  dudes  fWni*rf<itt 
Sandstone  and  Unit mn  nstuun  Chert 


Wills  Creek  Formation 

Greenish  gray,  th in  bedded,  fissile  shale 
with  local  limestone  asd  sandstone  zones. 
roNlimm  red  ahoU  and  sill  stone  in  I  be 
layer  part. 


Bloomsbury  Formation 

Red,  thin  and  thirk  bedded  shale  and  sitt- 
stane  with  local  units  of  sa  oilstone  and 
thin  impure  limestone,  sitme  green  shale 
hi  }»fa<'ra 


McKenzie  Formation  j 

Greenish  gray.  IMh  bedded  shale  inter-  J 
htddtd  with  Oi  ay.  thin  heddtd.  fossihft  r-  | 
i  n*  hm*  stunt  shale  pirduminant  at  the  | 
hose,  inttafnimntinnal  Annin  in  the  | 
lower  part  Absent  in  Harrisburg  quad- 


Koywr  Formation 

thirk  at  ay.  h  ighly  f asst  lifer  mis.  thick  bed¬ 
ded.  riystnllinr  tn  nodular  limestone, 
passes  I nto  Mnuhus,  Handout,  and  lirrker 
f-'ui  m.i t ion s  III  thr  last 


Tonoloway  Formation 

flray.  highly  f«min«tf<-W.  fAm  bedded, 
argillaceous  limestone.  passes  into 
RossnrdriUe  and  Tula  no  Island  beds  m 
the  east 


I  I  !  Catskill  Formation 

I  |  Chiefly  red  to  AitnciuaA  *AnO*  tin  if  mni(- 

• - J  stones,  includes  on ty  and  greenish  sand¬ 

stone  tongues  narnid  Ktk  Ainu  n  tain. 
Honesdatr,  Shohola.  and  /Mn ware  Hirer 
ii  th,  east 


T«**raro:a  Formation 

n  hifr  t.  7 •’ii  it  n  .efi;—  in  thirk  brtldedt 
fme  gra-n'd  ynrj'iiffir  *r»n dstene.  r^n- 
ol'.ineriltt  in  yairt 
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